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least one free-radical initiator, provided that said composition is substantially free of an onium salt. This invention also 
provides a pressure-sensitive adhesive composition and a method for producing same. 

The invention further encompasses a method for producing a pressure-sensitive adhesive by photopolymerizing 
the polymerizable compositions of the invention via application of sufficient energy in the form of a combination of 
wavelengths of electromagnetic radiation such that photochemically reactive species both catalyze polyurethane for- 
mation and initiate free-radical polymerization. While the cationic organometallic complex will initiate both photopoly- 
merizations, it is not an extremely efficient free-radical photoinitiator, and it is preferred to use a separate free-radical 
initiator to initiate the free-radical reaction. Such irradiation may occur sequentially or simultaneously. The process 
provides essentially no volatile matter. 

The present invention also encompasses pressure-sensitive adhesive tapes comprising one or more pressure- 
sensitive adhesive layers, produced from such photopolymerizable compositions. Such tapes may be transfer tapes, 
or tapes comprising a backing layer. Where desired, the tapes may be foam-like tapes, i.e., they may contain glass or 
polymeric microspheres, or gas voids, and may contain various adjuvents to modify the properties. 

Preferred pressure-sensitive adhesives of the invention comprise: 

(a) at least one set of polyurethane precursors, 

(b) at least one acrylate or methacrylate ester monomer, 

(c) a salt of an organometallic complex cation, and 

(d) an additional free-radical photoinitiator. 

Especially preferred pressure-sensitive adhesives of the invention comprise: 

a) at least one set of polyurethane precursors selected from the group consisting of aliphatic and aromatic diiso- 
cyanates and polyisocyanates in combination with diols and polyols, such that the ratio of isocyanate groups to 
hydroxyl groups is in the range of from about 1 :2 to 2: 1 , preferably 1 :1 .25 to 1 .25:1 , 

b) at least one alkyl acrylate ester, 

c) at least one moderately polar monomer, 

-d) at least one salt of an organometallic complex cation, and 
e) at least one free-radical photoinitiator. 

The invention also provides a process for making pressure-sensitive adhesives comprising the steps of: 

(a) providing a backing or substrate, 

(b) coating the substrate with an energy polymerizable composition of at least one alkyl acrylate ester, at least one 
set of polyurethane precursors, a salt of an organometallic complex cation, and an additional free-radical photoin- 
itiator by methods such as bar, knife, reverse roll, extrusion die, knurled roll, or spin coatings, or by spraying or 
brushing, with or without a coating solvent, and 

(c) irradiating the resultant article with electromagnetic radiation to cause the polymerization of the coating. 

The invention also provides a preferred process for making pressure-sensitive adhesives by multiple photoinitia- 
tion, comprising the steps of: 

(a) providing a backing or substrate, 

(b) coating an energy polymerizable composition of at least one alkyl acrylate ester, at least one set of polyurethane 
precursors, a salt of an organometallic complex cation and an additional free-radical photoinitiator on the substrate 
by methods such as bar, knife, reverse roll, extrusion die, knurled roll, or spin coatings, or by spraying or brushing, 
with or without a coating solvent, and 

(c) irradiating the resultant article to cause the polymerization of the coating utilizing a technique called the "multiple 
photoinitiation process, " 

wherein the composition is sequentially or simultaneously irradiated with light sources which provide electromagnetic 
radiation which stimulates one or more photochemically reactive species to initiate both the polyurethane and the f ree- 
radical photopofymerization. 

When used herein, the following terms have these definitions. 

1 . The term "multiple photoinitiation process" means photoinitiation of polymerization by irradiating a polymerizable 
mixture with electromagnetic radiation which stimulates photochemically reactive species (initiators) to initiate, 
respectively, polyurethane and free-radical photopolymerizations. 
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2. The term "energy-Induced curing" means curing by means of electromagnetic radiation (ultraviolet and visible) 
and thermal (infrared and heat) means or any combination thereof such as heat and light simultaneously, or in any 
sequence, e.g. , heat followed by light, light followed by heat followed by light, and the like. 

3. The term free-radically polymerizable monomer" means at least one monomer that polymerizes by a free- 
radical mechanism, including bireactive monomers, and includes, e.g., acrylates and methacrylates, vinyl esters, 
vinyl aromatic compounds, etc. 

4. The term "polyurethane precursors" and "set of polyurethane precursor," means a polymerizable mixture of one 
or more monomers selected from diisocyanates and pofyisocyanates, and one or more monomers bearing at least 
two isocyanate-reactive groups. The preferred isocyanate-reactive groups are hydroxy I groups The ratio of isocy- 
anate groups to isocyanate-reactive groups is from 1 :2 to 2: 1 . 

5. The term "bireactive monomer" means a monomer that contains at least two free-radically polymerizable groups. 

6. The term "Afunctional monomer" means those monomers which contain both at least one free-radically polym- 
erizable group and at least one isocyanate or isocyanate-reactive group. 

7. The term "catalytically-effective amount" means a quantity sufficient to effect polymerization of the curable com- 
position to a polymerized product at least to a degree to cause an increase in the viscosity of the composition 
under the conditions specified. 

8. The term "organometallic salt" means an ionic salt of an organometallic complex cation, wherein the cation 
contains at least one carbon atom of an organic group which is bonded to a metal atom of the transition metal 
series ("Basic Inorganic Chemistry", F. A. Cotton, G. Wilkinson, Wiley, 1976, p 497). 

9. The term transition metal series" means those metals in the Periodic Table Groups IVB, VB, VIB, VlIB, and VIII. 

10. The term "photopolymerizable composition" as useful herein means a mixture where the ratio of free-radically 
polymerizable monomer to polyurethane precursors is 1 :99 to 99: 1 . 

11. The term "photoinitiator system" means a cationic organometallic complex photoinitiator or any combination 
of same with another photoinitiator, said system being capable of producing species which will initiate both poly- 
urethane and free-radical polymerizations upon exposure to energizing radiation. 

Detailed Disclosure of the Invention 

The present invention provides pressure-sensitive adhesives, produced from an energy polymerizable composition 
comprising at least one free-radically photopolymerizable monomer, at least one set of polyurethane precursors and 
a photoinitiator system therefor, the photoinitiator system comprising at least one organometallic complex salt and at 
least one additional free-radical photoinitiator, provided that said composition is substantially free of an onium salt. 

Free-radically polymerizable monomers can be selected from acrylate, methacrylate and vinyl ester functional ized 
materials. Of particular use are acrylate and methacrylate materials. They can be monomers and/or oligomers such 
as (meth)acrylates (meth)acrylamides, vinyl pyrrolidoneand azlactones, as disclosed in U.S. Pat. No. 4,304,705, (Heil- 
mann). Such monomers include mono-, di-, or poly-acrylates and methacrylates such as methyl acrylate, methyl meth- 
acrylate, ethyl acrylate, isopropyl methacrylate, isooctyl acrylate, isobornyl acrylate, isobomyl methacrylate, acrylic 
acid, n-hexyl acrylate, stearyl acrylate, allyl acrylate, glycerol diacrylate, glycerol triacrylate, ethyleneglycol diacrylate, 
diethyleneglycol diacrylate, triethyleneglycol dimethacrylate, 1 ,6-hexanediol diacrylate, 1 ,3-propanediol diacrylate! 
1 ,3-propanediol dimethacrylate, trimethyol propane triacrylate, 1 ,2,4-butanetriol trimethylacrylate, 1 ,4-cyctohexanedio'l 
diacrylate, pentaerythritol triacrylate, pentaerythritol tetraacrylate, pentaerythritol tetramethacrylate, sorbitol hexaacr- 
ylate, bis[1 -(2-acryloxy)]-p-ethoxyphenyl-dimethylmethane, bis[1 -(3-acryloxy-2-hydroxy)]-propoxy-phenyl dimethyl- 
methane, tris-hydroxyethyl isocyanurate trimethacrylate; the bis-acrylates and bis-methacrylates of polyethylene gly- 
cols of molecular weight 200-500, copolymerizable mixtures of acrylated monomers such as those of U.S. Patent No. 
4,652,274, and acrylated oligomers such as those of U.S. Patent No. 4,642,126, both of which are incorporated herein 
by reference. 

Preferable free-radically photopolymerizable monomers include alkyl acrylate monomers, preferably a monofunc- 
tional unsaturated acrylate ester of a non-tertiary alkyl alcohol, the alkyl groups of which have from about 4 to about 
14 carbon atoms. Such monomers include, e.g., isooctyl acrylate, 2-ethyl hexyl acrylate, isononyl acrylate, decyl acr- 
ylate, dodecyl acrylate, butyl acrylate, and hexyl acrylate. The alkyl acrylate monomers may be polymerized into 
homopolymers or may be polymerized in the presence of one or more polar copolymerizable monomers. 

When desired, polar copolymerizable monomers may be selected from strongly polar monomers such as acrylic 
acid, acrylamide, itaconic acid, or substituted acrylam ides or moderately polar monomers such as N-vinyl-2-pyrro- 
lidone, N-vinyl caprolactam, and acrylonitrile. Moderately polar monomers are preferred. 

When strongly polar monomers are present, the acrylic polymers contain up to2 parts of the strongly polar monomer 
per hundred parts photopolymerizable monomer mixture. When moderately polar monomers are present, the acrylic 
polymers contain up to about 50 parts, preferably up to about 30 parts of the moderately polar monomer. 

Compositions of the invention may contain ratios of free-radically polymerizable monomers to polyurethane pre- 
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cursors of 99:1 to 1 :99. The ratios are only useful insofar as they produce a pressure-sensitive adhesive; thus, not all 
polyurethane precursors are useful at all ratios. Preferred compositions contain ratios of from about 40:60 to about 95: 
5. Highly preferred compositions contain ratios of from about 70:30 to about 90:10. At these highly preferred ratios, 
preferred pressure-sensitive adhesives of this invention exhibit superior mechanical properties when compared to an 
acrylic homopolymer adhesive. 

The polyurethane precursors useful in the present invention comprise an isocyanate component and an isocyanate- 
reactive component containing at least two isocyanate-reactive hydrogen atoms. 

The polyisocyanate component of the polyurethane precursors may be any aliphatic, cycloaliphatic, araliphatic, 
aromatic or heterocyclic polyisocyanate, or any combination of such polyisocyanates. 

Particularly suitable polyisocyanates correspond to the formula 

Q(NCO) p . iv 

in which p is an integer from 2 to 4, and Q represents an aliphatic hydrocarbon di-, tri-, or tetra-radical containing from 
2 to 100 carbon atoms, and zero to 50 heteroatoms, a cycloaliphatic hydrocarbon radical containing from 4 to 100 
carbon atoms, and zero to 50 heteroatoms, an aromatic hydrocarbon radical or heterocyclic aromatic radical containing 
from 5 to 15 carbon atoms and zero to 10 heteroatoms, or an araliphatic hydrocarbon radical containing from 8 to 100 
carbon atoms and zero to 50 heteroatoms. The heteroatoms that can be present in Q include non-peroxidic oxygen, 
sulfur non-amino nitrogen, halogen, silicon, and non-phosphino phosphorous. 

Examples of such polyisocyanates include, but are not limited to: ethylene diisocyanate, 1 ,4-tetramethylene diiso- 
cyanate, 1 ,6-hexamethylene diisocyanate, trimethyl hexamethylene diisocyanate, 1,12-dodecane diisocyanate, cy- 
clobutane-1 ,3-diisocyanate, 1-isocyanato-3,3,5-trimethyl-5-isocyanatomethyl-cyc!ohexane, 2,4- and 2,6-hexahydro- 
1 ,3,-phenylene diisocyanate and 2,4- and 2,6-hexahydro-1 ,4-phenylene diisocyanate, and mixtures of these isomers, 
perhydro-2,4'-, 4,4'-diphenylmethane diisocyanate and mixtures of these isomers, 1 ,3- and 1 ,4-phenylene diisocy- 
anate, 2,4-and 2,6-tolylene diisocyanate and mixtures of these isomers, 2,4*- and 4,4'<Jiphenylmethane diisocyanate, 
and mixtures of these isomers, naphthalene-1 ,5-diisocyanate, and the reaction products of four equivalents of the 
above stated isocyanate -containing compounds with compounds containing two isocyanate-reactive groups. 

It is also within the scope of the present invention to use, e.g., triphenylmethane-4,4'4"-triisocyanate, polyphenyl 
polymethylene polyisocyanates, as described in G.B. Nos. 874,430, and 848,671 , both of which are incorporated herein 
by reference. Also useful are meta- and para-isocyanatophenylsulphonyl isocyanates, perch lorinated aryl polyisocy- 
anates, polyisocyanates containing carbodiimide groups, norbornane diisocyanates, polyisocyanates containing allo- 
phanate groups, polyisocyanates containing isocyanurate groups, polyisocyanates containing urethane groups, 
polyisocyanates containing acrylated urea groups, polyisocyanates containing biuret groups, polyisocyanates pro- 
duced by telomerization reactions of the type described in, inter alia , U.S. Patent No. 3,654,106, polyisocyanates 
containing ester groups, polyisocyanates containing polymeric fatty acid groups, and reaction products of any of the 
above-mentioned diisocyanates with acetals according to German Patent No. 1,072,385, incorporated herein by ref- 
erence, or mixtures of any of the above polyisocyanates. 

Also useful are blocked polyisocyanates, which are commercially available, wherein the blocking group can be, e. 
g., phenol, epsilon-caprolactam, hydroxamic acid ester, ketoxime, t-butyl acetoacetate and others disclosed in 
"Progress in Organic Coatings", Elsevier Sequoia S.A., Lausanne, 1981, Volume 9, pp. 3-28. 

Preferred polyisocyanates are aliphatic, such as hexamethylene diisocyanate, the isocyanurate and the biuret 
thereof, 4, 4'-methylenebis(cyclohexyl isocyanate); 1-isocyanato-3,3,5-trimethyl-5-isocyanatom ethyl cyclohexane (iso- 
phorone diisocyanate) and the biuret thereof; the tolylene diisocyanates and the isocyanurates thereof; the mixed 
isocyanurate of tolylene diisocyanate and hexamethylene diisocyanate; the reaction product of one mole of trimethylol 
propane and 3 moles of tolylene diisocyanate and crude diphenylmethane diisocyanate. 

Suitable polyols contain at least two isocyanate-reactive hydrogen atoms. Polyols can be high or low molecular 
weight compounds, having a weight average molecular weight of from about 50 to about 50,000. Useful compounds 
are those including amino groups, thiol groups, carboxyl groups, and hydroxyl groups. Preferred compounds are those 
containing hydroxyl groups, and having a weight average molecular weight of from about 50 to about 20,000. Examples 
include polyesters, polyethers, polythioethers, polyacetals, polycarbonates, poly(meth)acrylates, and polyester imides 
containing from about 2 to about 8, preferably from about 2 to about 4 hydroxyl groups, or even hydroxy-containing 
prepolymers of these compounds, and a more than equivalent quantity of polyisocyanate. 

Examples of the isocyanate-reactive compounds include pentaerythritol, 1,2-propanediol, ethylene glycol, and 
glycerol. 

Preferably, compounds containing hydroxyl groups, particularly compounds containing from about 2 to 50 hydroxyl 
groups and above all, compounds having a weight average molecular weight of from about 500 to 20000, for example, 
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polyesters polyethers, polythioethers, polyacetals, polycarbonates. poly(rneth)acrylates. and polyester amides con- 
22T 1 ? ^"H ,r ° m *"* 2 ,0 8l M Pre,6rab * ' r0m 2 ,0 4 gro^H Z hyio^.. 

Wh ! P T° n, i nVen * K)n are descnbed - for example - 1,1 Hi 9 n ^ers. Vol. XVI. "Polyurethanes, Chemistry and 
Technology-, Saunders and Frisch. Interscience. and Vol. 1. 1 962. pages 32 to 42 and pages 44 to 54 25, n 
1964. pages 56 and198-199. and in 'Kunststoff-Handbuch-. Vol. VII, V.eweg-Hochtlen. CarlXmser Venae , 1 966 I or 

aT2 LZ P T S f 10 71 • 11 1°' ^ P 088 ^ 6 10 US8 mbt,UfeS ° f the above^entioned compounds containing 
at least two hydroxyl groups and having a molecular weight of from about 50 to 50,000 for example mixtures of polv 

2ZH P T - S,6rS " Tf CaS6S ' * 18 Pa,t • °' arly advan,a 9 eous 10 combine low-melting and high-melting poly 
hydroxyl containing compounds with one another (German Offenlegungsschrrft No 2 706 297) 

50 to^SKXEE ESS? "J 8 "" 8 a V eaSt l "° f8aCtiVe hydr0Xy ' SrOUpS (mol8Cubr wei 9 ht f ™ ^ 
and ™? ! ! accordance the present invention are compounds preferabty containing hydroxyl groups 
and generally contain.ng from about 2 to 8. preferably from about 2 to 4 reactive hydroxyl groups 

™ili alS ° P °r' ble - to US9 mb(tUreS ° f different ^P 01 " 108 containing at least two hydroxyl groups and having a 
molecule we.ght ,n the range of from about 50 to 400. Examples of such compounds are ethylene gS 12 and 

iKv ri ne9,yC °K 1 ;f" an f J 3 ***™*"* 1.5-Pentanediol. 1,6-hexanedtol, 1 .8-octane diol, ne^enty 
,4-b8 (hydroxymethyl) cyctohexane, 2-methyl-1 ,3-propane diol, dibromobutene diol, glycerol, trimethylolpropa^e 

efrSrZe 8 S^r:,^' qUini, ° l - mannito '- SOrbitol ' die,h V'^ 0^ 
S?^ y ! *?S ^ her ,P° | y eth y ,ene 9"ycols. dipropylene glycol, higher molecular weight polypropylene gjcols 

hTd^o^ 

Other poVols suitable for the purposes of the present invention are mixtures of hydroxy aldehydes and hvdroxv 
ketones (formose-) or the polyhydric alcohols obtained therefrom by reduction 

0< ,dehyde ' P °^ merS *«* «" h ^ hereof, in the presence o^cSSi^ 
^ot^ 

Useful polyfunctional alcohols include polyethylene glycol), and polypropylene glycol) 

Other useful isocyanate-reactive compounds are disclosed In High Polymers. Vol xvi -Polyurethanes Chemistrv 
and T^hnology- by Saunders and Frisch. Interscience Pubfehers. NewYork/London, and SSSSSSTC? 

pgs, 45-7 1 , Vieweg-Hochtlen, Carl- Hanser Verlag, Munich, 1 966. 1 -' 

„»J? eferred ^ anate * eactive compounds are polyols having molecular weights in the range from 200 to 2 000 

SZTZZ ^T'l 9 tW ° ° r m ° re prima,y hydrox y' 9 roups P er molec "'«- The preferred polyols can be 
divided into four groups. The first three groups consist of commerically availabte polyols. These include pother 
potyols. P^esterpolyote. and acrylic pofyols. Preferred polyester pofyols include DesmopTen™ 67oS Set 
omophen™ 670-100, Desmophen™ 800. and 1100. all available from Mobay Corporation. Als£ preferred arVcertafn 

mSa, ssss? 19 trom union carbide co,p - under *• ,rademark ^ ie - aRSsrs 

Preferred polyether diols include certain diols available under the trademark -Carbowax™' from Union Carbide 

££££ Sfh^™ r ' f* 1 80 °' 10001 3350 8 ° 00 ' ** 20 ' 000 - P"*"" ^e dtoKSS^JJ 
e ' 9 ' Tera,hane ™ 2900 and Te ^ane™ 2000 available from E.I. du Pont de Nemours and Co 

^ L±, tLT ; heXanedk>1, athy ' ene 9 **- Dimerol ™- 3 36 -*« esse ^«y *l Liable 
from General Mills Chemicals, Inc., glycerol. 1 ,2.6-hexanetriol, pentaerythrrtol. and 1,4-cyclohexane diol 

struck 9rOUPronSi ^ 

R2 

/ 

[H-0-Rl-0-A-]2-C 

\ - . -- 

R3 

TlL^T*!!', ! 9W ?' bran D Ched ° r CyCliC alkyl 9roup °° nsis,in 9 oi 1 to 10 ca * on ato ™ <" ^ aralkyl group 
consisting of 7 to 14 carbon atoms. R 2 and R 3 may be independently alkyl, aralkyl, cycloalkyl, alkaryl, or an aryl group 
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of 1 to 30 carbon atoms and none or 1 to 1 0 heteroatoms, and R2 and R 3 together comprise an alkylene, cycloalkylene, 
arylene, alkarylene, aralkylene or cycloaralkylene group containing 2 to 660 carbon atoms, and none or 1 to 10 heter- 
oatoms. A is a substituted or unsubstituted arylene. 

Specific preferred hydroxy alkylated bispenols are 9,9-bis(4-(2-hydroxyethoxy)phenyl)fluorene (hydroxyethylated 
5 bisphenol of fluorenone), 2,2-bis(4-(2-hydroxyethoxy)phenyl)propane (hydroxyethoxy-bisphenol of acetone), 2,2-bis 
(4-(2-hydroxyethoxy) phenyl)hexafluoropropane (hydroxyethylated bisphenol F), 2,2-bis(4-(2-hydroxyethoxy)phenyl) 
propane, 2,2-bis(4-(2-hydroxyethoxy)phenyl)norbornane, 2,2-bis(4-(2-hydroxyethoxy)phenyl)-5,6-cyclopenta-norbor- 
nane, 1,1-bis-4-(2-hydroxyethoxyphenyl) cyclohexane. 

Another group of monomers which are useful in compositions of the invention are bifunctional monomers, i.e., 
10 those that possess at least one free-radically polymerizable functionality and at least one isocyanate or isocyanate- 
reactive functionality. Such monomers include 2-isocyanatoethyl methacrylate, 3-isopropen4lphenyl isocyanate, 2-hy- 
droxyethyl acrylate, hydroxyethyl methacrylates, hydroxypropyl methacrylates and hydroxybutyl acrylate and mixtures 
thereof. 

The organometallic complex salt can have the structure: 

15 

[((L 1 )(L 2 )M) b (L 3 )(L 4 )] +e X f |. 

wherein M represents a metal atom selected from the elements of Periodic Groups IVB, VB, VIB, VIIB, and VIII, 
20 with the proviso that formula I represents an organometallic salt having a mono- or bimetallic cation; 

L 1 represents none, 1 , 2, or 3 ligands contributing pi-electrons that can be the same or different ligand selected 

from substituted and unsubstituted acyclic and cyclic unsaturated compounds and groups and substituted and 

unsubstituted carbocyclic aromatic and heterocyclic aromatic compounds, each capable of contributing two to 

twelve pi-electrons to the valence shell of M; 
25 [2 represents none, or 1 to 6 ligands contributing an even number of sigma-electrons that can be the same or 

different selected from mono-, di-, and tri-dentate ligands, each donating 2, 4, or 6 sigma-electrons to the valence 

shell of M; 

- L 3 represents none, 1 or 2 bridging ligands contributing pi-electrons that can be the same or different ligand selected 
from substituted and unsubstituted acyclic and cyclic unsaturated compounds and groups and substituted and 
&> unsubstituted carbocyclic aromatic and heterocyclic aromatic compounds, each capable of acting as a bridging 

ligand contributing 4 to 24 pi-electrons to the valence shells of two metal atoms M, simultaneously; 
L 4 represents none, 1, 2, or 3 bridging ligands contributing an even number of sigma-electrons that can be the 
: same or different selected from mono-, di-, and tri-dentate ligands, each donating 2, 4 or 6 sigma-electrons to the 
-valence shells of two metal atoms M, simultaneously; with the proviso that the total electronic charge contributed 
55 to M by the ligands L 1 , L 2 , L 3 , and L 4 plus the product of the ionic charge on M with b results in a residual positive 

charge of e to the cation; 

b is an integer having a value of 1 or 2; 

e is an integer having a value of 1 or 2, the residual electrical charge of the cation; 
40 X is an anion selected from organic sulfonate anions and halogen-containing complex anions of a metal or 

metalloid; 

f is an integer having a value of 1 or 2, the number of anions required to neutralize the positive charge e on 
the cation. 

45 In a preferred composition of the invention, the salts of the organometallic complex cation have the formula: 

[(L 5 )(L 6 )M] + °X f ||. 

50 wherein 

M represents a metal atom selected from elements of the Period Groups IVB, VB, VIB, VIIB, and VIII; 
L 6 represents none, one or two ligands that can be the same or different, contributing pi-electrons selected from 
the same groups of ligands from which ligand L1 of formula I is selected; 
55 L 6 represents none or 1 to 6 ligands that can be the same or different, contributing an even number of sigma- 

electrons selected from the same group of ligands from which ligand L 2 of formula I is selected; with the proviso 
that the total electronic charge contributed to M by L 5 and L 6 plus the ionic charge on M results in a residual net 
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the unsaturated group is soE a 3S^ 

ketone; an ester e g 25 acetate JS^TJ T' , k? " f^'* **' methanol; a ketone - ethyl 
drocarbon.e.gJani^Tn^ 

of high surface area so that the unsaturated arounS,^ compound ,s dwisibte into very fine particles 

form a P i-bond between that Z^mTouH^T ?, ^ ^ * SUl * Cien,ly C,ose to a metel a ^ to 
below, that the iigand JZ ^^T^T' ^ * ^ * «"«* ■ 38 e ^ 

nitrogen, sulfur, non-peroxidic oxygen aTsenk JLl^Z T> J 2ef ° t0 10 hetero a,oms selec ^d from 
and tin, such as. for example eXJe IZS^S^l^IT 7' a " timony ' te,,urium ' silico ". S^ium, 
diene, 1.2-dimethylacetylene cvclZene W me ^ lacet y |en9 - 1 -°"tene, 2-butene, diacetylene, buta^ 

eiopentadiene. ^c^^Tt^^^T^' ^***-«* 1-****"^ cy- 
allyl. eta3-penteny. > 7ortx>rnadiZ'er^vcS t^T 3 - 4 ^ me,h y'f"^ene, and 1-decene; eJ- 

tuted and unsubs« uted ca^ycHc Zi ^t^ocS ™ ^W'ene, e^yclooctatetraene. ^ 

atomsanduptolOheteroaS^tmX^^ " P * * 0 ' and ° P l ° 100 

boron, antimony, tellurium, silicon. germanTum an^ S auS P nos Pn°rus. arsenic, selenium, 

eta*-mesitylene. eta^-toluene, rtCT^'"!,? ,0r exam P^. ^yclohexadienyl, eta*-benzene, 
eta^-fiuorene, etaS-naphthalen ^2!2J2,tSf . 6 - m 7 ,ene - eta6 -c«mene, et a 6-hexamethylben Z ene, 
eta^henylme^ 

etaS-pyndine, etae-gamma- £*X^ 22^^ 

dole, etae-acridine, etaS-carbazole, eta^triphenylene etaeJSSS !2sT k ' eta6 ^ enzox ^'no, eta«-in- 
ndine), etc. Polymers having a weight average rLcu^S 

that 5 to 50 percent of the unsaturated or aromatic mZ^S^^^ T^^ nb ^ 9 ^ 
Each of ligands L' L3 and L« can be suhX, J h, 1 J 90 ^ be com P lexed with metallic cations, 

the metal atolr groups ^ 

does not take pface. E^arnp es oVsubs £na ^^r^^T that complexing wrth the metal atom 
to 10 hetero atoms selected ^£^J£?Z£? h ^ ^ than 30 atoms up 

tellurium, silicon, germantm to JSSS, TLZh T, P hos P horus - selenium, antimony 

ccsanyl. pheny.. benzyl, as *W tetra* 

oxife, caitai sumo,, carton aatenM. T^T, m °™*« 9 compounds cDroup. ana carton mon. 
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compounds or groups include 1,2-bis(diphenyl-phosphino)ethane f 1,2-bis(diphenylarsino)ethane, bis(diphenylphos- 
phino)methane, ethylenediamine, propylenediamine, diethylenetriamine, 1 ,3-diisocyanopropane, and hydridotripyrra- 
zolyborate; the hydroxycarboxylic acids such as glycolic acid, lactic acid, salicylic acid; polyhydric phenols such as 
catechol and 2,2'-dihydroxybiphenyl; hydroxyamines such as ethanolamine, propanolamine, arid 2-aminophenol; dithi- 
5 ocarbamates such as diethyldithiocarbamate, dibenzyldithiocarbamate; xanthates such as ethyl xanthate, phenyl xan- 
thate; the dithiolenes such as bis(perfluoromethyl)-1 ,2-dithiolene; aminocarboxylic acids such as alanine, glycine and 
o-aminobenzoic acid; dicarboxylic diamines as oxalamide, biuret; diketones such as 2,4-pentanedione; hydroxyketones 
such as 2-hydroxyacetophenone; alpha-hydroxyoximes such as salicylaldoxime; ketoximes such as benzil oxime; and 
glyoximes such as dimethylglyoxime. Other suitable groups are the inorganic groups or atoms such as, for example, 
io CN*, SCN-, F", OH", Cr, Br, |-, and H* and the organic groups such as, for example, acetoxy, formyloxy, benzoyloxy, 
etc. As mentioned before, the ligand can be a unit of a polymer, for example the amino group in poly(ethyleneamine); 
the phosphino group in poly(4-vinylphenyldiphenylphosphine); the carboxylic acid group in poly(acrylic acid); and the 
isonitrile group in poly(4-vinylphenylisonitrile). 

M can be any element from the Periodic Groups IVB, VB, VIB, VIIB, and VIII, such as, for example, T\, Zr, Hf, V, 
15 Nb, Ta, Cr, Mo, W, Mn, Tc, Re, Fe, Ru, Os, Co, Rh, Ir, Ni, Pd and Pt. In the preferred compositions, M is Co, Fe, Mn, 
Re, Mo or Cr. In the most preferred compositions, M is Fe. 

Suitable anions, X, in formulas I and II, of use as the counterion in the ionic salts of the organometallic complex 
cation in the preferred radiation-sensitive compositions of the invention are those in which X has the formula DZp 
wherein D is a metal from Groups IB to VIII or a metal or metalloid from Groups IIIA to VA of the Periodic Chart of 
20 Elements, Z is a halogen atom, a hydroxy group, a substituted phenyl group or an alkyl group and r is an integer having 
a value of 1 to 6. Preferably, the metals are copper, zinc, titanium, vanadium, chromium, manganese, iron, cobalt, or 
nickel and the metalloids preferably are boron, aluminum, antimony, tin, arsenic, and phosphorus. Preferably, the hal- 
ogen, Z, of X in formula II, is chlorine or fluorine. Illustrative of suitable anions are B(phenyl) 4 ', B(phenyl) 3 (alkyl)-, where 
alkyl can be ethyl, propyl, butyl, hexyl and the like, BF 4 ", PF 6 ", AsF 6 -, SbF 6 ', FeCI 4 - , SnCI 6 -, SbF 5 ", AIF 6 -, GaCI 4 -, JnF 4 ", 
25 TiF 6 -, ZrF 6 ", etc. Preferably, the anions are BF 4 , PF 6 ", SbF 6 ", SbF 5 OH", AsF 6 *, and SbCfe". 

Additional suitable anions, X, in formulae I and II, of use as the counterion in the ionic salts of the organometallic 
complex cations include those in which X is an organic sulfonate. Illustrative of suitable sulfonate-containing anions 
are CH 3 S0 3 \ CF3SO3-, C 6 H 6 S0 3 ", p-toluenesulfonate, p-chlorobenzenesulfonate and related isomers and the like. 

Organometallic salts are known in the art and can be prepared as disclosed in, for example, EPO Nos. 109,851, 
30 094,91 4, 094,915 and 1 26,71 2, which are incorporated herein by reference. In addition to the compounds of formulae 
I and II, all of the organometallic salts disclosed in these references are useful in the present invention. 

The preferred salts of organometallic complex cations useful in the compositions of the invention are derived from 
formula II where L 5 is taken from the class of substituted and unsubstituted aromatic compounds based on a benzene 
or cyclopentadienyl nucleus, L 6 is none, M is Fe, e is 1 or 2 and X f is tetrafluoroborate, hexafluorophosphate, hex- 
35 afluoroarsenate or hexafluoroantimonate. 

Examples of preferred salts of organometallic complex cations useful in the composition of the invention include 
the following: 

(eta 6 -benzene) (eta 5 -cyclopentadienyl)iron(1 +) hexafluorophosphate 
40 (eta 6 -to!uene) (eta 5 -cyclopentadienyl)iron(1 +) hexafluoroantimonate 

(eta 6 -cumene) (eta 6 -cyclopentadienyl)iron(1 +) hexafluorophosphate 

(eta 6 -p-xylene) (eta 5 -cyclopentadienyl)iron(1+) hexafluorophosphate 

(eta 6 -o-xylene) (eta 5 -cyclopentadienyl)iron(1 +) hexafluorophosphate 

(eta 6 -o-xylene) (eta 5 -cyclopentadienyl)iron(1+) hexafluorophosphate 
45 (eta 6 -mesitylene) (eta 5 -cyclopentadienyl)iron(1 +) hexafluoroantimonate 

(eta 6 -hexamethylbenzene) (eta 5 -cyclopentadienyl)iron(1 +) hexafluoroantimonate 

(eta 6 -naphthalene) (eta 5 -cyclopentadienyl)iron(1 +) hexafluoroantimonate 

(eta 6 -pyrene) (eta 5 -cyclopentadienyl)iron(1+) hexafluorophosphate 

(eta 6 -perylene) (eta 5 -cyclopentadienyl)iron(1 +) hexafluoroantimonate 
50 (eta 6 -chrysene) (eta 5 -cyclopentadienyl)iron(1 +) hexafluorophosphate 

(eta 6 -acetophenone) (eta 6 -methylcyclopentadienyl)iron(1 +) hexafluoroantimonate 

(eta 6 -fluorene) (eta 5 -cyclopentadienyl)iron(1 +) hexafluoroantimonate 

bis(eta 6 -mesitylene)iron(2+) hexafluoroantimonate. 

55 it is believed that the cationic organometallic complex salts form photochemically reactive species capable of both 

catalyzing the polyurethane formation and initiating free-radical polymerizations. Thus, the photoinitiator system may 
comprise only a single organometallic complex cation salt. However, the organometallic complex is not efficient in its 
initiation of the free-radical polymerization, especially when the free-radical monomers are combined with the poly- 
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urethane precurors. 

The additional free-radica] initiator can be selected from those compounds that generate free-radicals upon expo- 
sure to heat or radiation, e.g., those compounds disclosed in "Mechanisms of the Photodecomposition of Initiators", 
George F. Veslev. Journal of Radiation Curing™ January 1986. They are selected from acetophenones and ketals! 
benzophenones, aryl glyoxalates and acylphosphine oxides. Preferred additional free-radical initiators that are light 
activated are those that have an absorption maximum in the 300 to 400 nm region of the electromagnetic spectrum. 

Especially useful are acetophenones and ketals corresponding to the formula: 

0 R 4 
11 1 



wherein Ar is C 6 -C 14 aryl which is unsubstituted or substituted by halogen, CN, OH, C t -C 12 alkyl.-alkoxy -phenoxy, 
-thioalkyl, -SCH 2 CH 2 OH, -thiophenyl. -SOgalkyl, -SO^henyl, -COOalkyl, -SC^NH,,, -S0 2 N-Halkyl, -S0 2 N(alkyl) 2 ' 
-NHalkyl, -N(alkyl) 2 , -NHCOalkyl or -NHCO-phenyl, or represents thienyl, pyridyl, furyl, indanyl or tetrahydronaph- 
thyl, and alkyl represents a lower alkyl radical of 1 to 4 carbon atoms; is OH, C^Cq alkyl which is unsubstituted 
or substituted by -OH, alkoxy, C 2 -C 8 acyloxy, -COO alkyl or CN, or is C 3 -C 4 alkylenyl, C 5 -C 6 cycloalkyl Cy-Co 
phenylalkyl, or -ORy wherein R 7 is C r C 8 alkyl which is unsubstituted or substituted by -OH, alkoxy, Co-C fl acvloxv 
-COO alkyl, -CN or phenyl, or C 6 aryl; and 28 * 

R 5 has one of the meanings assigned to R 3 , C 2 -C 8 alkylenylene or together with R 3 represents C~-C ft alkylene or 
C 3 -C 9 oxaalkylene or azaalkylene; and 

Re is hydrogen, OH, C r C 8 alkyl, C 6 -C 14 aryl, C 5 -C 8 cycloalkyl or morpholino. 

Such compounds have been disclosed, for example, in U.S. Patent Nos. 3,715,293, 3 728 377 4 284 485 and 
4,318,791. ' ' 

Preferred compounds have and R 5 as -OR,, R 7 as C r C 4 alkyl and R 6 phenyl; or R 4 and R 5 combining to form 
C 2 -C 8 alkylene, preferably cyclohexylene, and Rg as -OH or phenyl. 

Typical alkyl groups include methyl, ethyl, propyl, isobutyl, t-butyl, pentyl, neopentyl, hexyl, heptyl octyl 2-ethyl- 
hexyl; aryl groups include phenyl, naphthyl, anthracyl, tolyl, xylyl, methoxyphenyl, halophenyl, hydroxyphenyl nitroph- 
enyl and carboethoxyphenyl; and cycloalkyl groups include cyclopentyl, methylcyclopentyl, dimethylcyclopentyl ethyl- 
cyclopentyl, cyclohexyl, methylcyclohexyl, cycloheptyl, bicycloheptyl, cyclooctyl, and bicyclooctyl 

Illustrative thereof are 

2,2-dimethoxyacetophenone 

2,2-dimethoxy-2-phenylacetophenone 

2,2-diethoxyacetophenone 

2,2-dibutoxyacetophenone 

2,2-dihexuloxyacetophenone 

2,2-di(2-ethylhexyl)acetophenone 

2,2-diphenoxyacetophenone 

2,2-ditolyloxyacetophenone 

2,2-di(chlorophenyl)acetophenone 

2,2-di(nitrophenyl)acetophenone 

2,2-diphenoxy-2-phenylacetophenone 

2,2-dimethoxy-2-methylacetophenone 

2,2-dipropoxy-2-hexylacetophenone 

2,2-diphenoxy-2-ethylacetophenone 

2,2-dimethoxy-2-cyclopentylacetophenone 

2,2-di(2-ethyihexyl)-2-cyclopentylacetophenone 

2,2-diphenoxy-2-cyclopentyl-acetophenone 

2,2-di(nitrophenoxy)-2-cyclohexylacetophenone 

2,2-dimethyl-2-hydroxyacetophenone 

2,2-diethoxy-2-phenylacetophenone 

2,2-diphenethyloxy-2-phenylacetophenone 

2,2-(2-butenediyloxy)-2-phenylacetophenone 
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2,2-dimethyl-2-morpholino-(p-thiomethyl) acetophenone 
1-hydroxycyclohexyl phenyl ketone. 

Photoinitiators which are useful for partially polymerizing alkyl acrylate monomer without crosslinking, to prepare 
s the partially polymerized syrup, discussed infra, include the benzoin ethers (such as benzoin methyl ether or benzoin 
isopropyl ether), substituted benzoin ethers (such as anisoin methyl ether), substituted acetophenones (such as 2,2-di- 
ethoxyacetophenone and 2,2-dimethoxy-2-phenylacetophenone), substituted alpha-ketols (such as 2-methyl-2-hy- 
droxypropiophenone), aromatic sulfonyl chlorides (such as 2-naphthalenesulfonyl chloride) and photoactive oximes. 
Photoinitiators may be used for syrup-making in amounts which, when dissolved, provide about 0.001 to 0.5 percent 

10 by weight of the alkyl acrylate monomer, preferably at least 0.01 percent. 

Where concurrent photoinitiation and crosslinking is desirable, the specific photoactive chromophore-substituted- 
halomethyl-s-triazines disclosed in U.S. Patent Nos. 4,391 ,687 (Vesley) and 4,330,590, (Vesley) and 4,329,384 (Vesley 
et al.) are also useful as photoinitiators. The preferred level of triazine taught ranges from 0.01 to about 2 parts of the 
crosslinking agent per 100 parts acrylic copolymer. 

15 A suitable photoinitiator system which includes organometallic complex ionic salts described by formulae I or II, 

and the additional free-radical initiator contains those combinations that, upon application of sufficient energy, thermal, 
accelerated particle (electron beam), or electromagnetic radiation (having a wavelength from about 200 to 800 nm), 
will catalyze the polymerization of compositions of the invention. The level of catalytic activity depends on various 
factors such as the choice of metal, ligands, and counterions in the organometallic salt and the selection of the additional 

20 free-radical photoinitiator. 

In general, the photoinitiator system should be present in a catalytically effective amount. Typically, the photoini- 
tiator system can be present in the range of 0.01 to 20, preferably 0.02 to 5 weight percent of the total polymerizable 
composition. The ratio of the organometallic complex salt to the additional free-radical initiator, is generally in the range 
of 1:100 100:1. Preferably, the ratio is in the range of 10:1 1:10. 

2S Energy polymerizable compositions of this invention are radiation-sensitive in addition to being thermally sensitive, 

i.e., they can be polymerized in a two stage polymerization process using radiation followed by heat. Heat can also be 
applied before or during the irradiation process to promote polymerization of the composition. 

When desired, photosensitize rs or photoaccelerators may be incorporated into the photopolymerizable composi- 
tions. Use of photosensitizers or photoaccelerators alters the wavelength sensitivity of radiation-sensitive compositions 

30 employing the latent catalysts of this invention. This is particularly advantageous when the latent catalyst does not 
strongly absorb incident radiation. Use of a photosensitizer or photoaccelerator increases the radiation sensitivity 
allowing shorter exposure times and/or use of less powerful sources of radiation. Any photosensitizer or photoaccel- 
erator may be useful if its triplet energy is at least 45 kilocalories per mole. Examples of such photosensitizers are 
given in Table 2-1 of Steven L. Murov, "Handbook of Photochemistry," Marcel Dekker Inc., 27-35 (1973), and include 

35 pyrene, fluoranthrene, xanthone, thioxanthone, benzophenone, acetophenone, benzil, benzoin and ethers of benzoin, 
chrysene, p-terphenyl, acenaphthene, naphthalene, phenanthrene, biphenyl and substituted derivatives of the preced- 
ing compounds. When present, the amount of photosensitizer or photoaccelerator used in the practice of the present 
invention is generally in the range of 0.01 to 10 parts, and preferably 0.1 to 1.0 part, by weight, of photo-sensrtizer or 
photoaccelerator per part of organometallic salt. 

40 Long wavelength sensitizers may be added, i.e., dyes. Suitable sensitizers are believed to include compounds in 

the following categories of dyes: ketones, aminoketones, coumarin (e.g. ketocoumarins), xanthenes, acridines, thia- 
zoles, thiazines, oxazines, azines, porphyrins, aromatic polycyclic hydrocarbons, aminotriaryl methanes, merocy- 
anines, squarylium and pyridinium. 

While not being bound by theory, it is believed that the compositions comprising preferred ratios of free-radically 

45 polymerizable monomer(s), polyurethane precursors, and photoinitiator system allows the formation of a multiphase 
material with high levels of mixing of the two polymers. Some systems will form a semi-interpenetrating polymer network 
(semi-IPN); some systems a true IPN. The existence of the multiphase structure provides good tensile strength even 
where a polar comonomer such as acrylic acid, itaconic acid or acrylamide is not used. Additionally, this invention 
provides a means to impart high tensile strength without substantially sacrificing the properties of elongation and peel 

50 strength which are important to adhesive performance. 

Pressure-sensitive adhesives of the invention may be foam-like adhesives, i.e., a monomer blend comprising 
microspheres may be used. The microspheres may be glass or polymeric. The microspheres should have an average 
diameter of 1 0 to 200 micrometers, and comprise from about 5 to about 65 volume percent of the core layer. Thickness 
of foam-like layers in preferred tapes of the invention range from 0.3 mm to about 4.0 mm in thickness. 

55 Preferred glass microspheres have average diameters of about 80 micrometers. When glass microspheres are 

used, the removable pressure-sensitive adhesive layer should be at least 3 times as thick as their diameter, preferably 
at least 7 times. Thickness of layers containing such glass microspheres should be at least six times, preferably at 
least twenty times that of each microsphere-free layer. 
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■ Useful glass microspheres include colored microspheres such as those disclosed in U.S. Patent Nos. 4,612,242, 
(Vesley et al.), 4,618,242, (Chamberlain et ah), 4,666,771 , (Vesley et a!.), and 4,950.537 (Vesley et a!.). 

Also useful are polymeric microspheres, such as those described in U.S. Patent Nos. 4,855,170 (Darvell et al.), 
3,615,972 (Moon), 4,075,238 (Mark), and 4,287,308 (Nakayama). The microspheres are available from Kema Nord 
Plastics under the trade name "Expancel" and from Matsumoto Yushi Seiyaku under the trade name "Micropearl". In 
expanded form, the microspheres have a specific density of approximately 0.02-0.036 g/cc. 

Other useful materials which can be blended into compositions of the invention include, but are not limited to, 
adjuvants such as fillers, pigments, fibers, woven and nonwoven fabrics, foaming agents, antioxidants, stabilizers, fire 
retardants, free-radical inhibitors, and viscosity adjusting agents. 

One useful filler material is hydrophobic silica as disclosed in U.S. Patents Nos. 4,71 0,536 and 4,749,590, (Klingen 
et al.). In one preferred embodiment of the present invention, the pressure-sensitive adhesive composition further 
comprises from about 2 to about 15 parts of a hydrophobic silica having a surface area of at least 10 mS/g. 

The present invention also provides a process for preparing pressure-sensitive adhesives comprising the steps of: 

(a) providing a backing or substrate, 

(b) coating an energy polymerizable mixture as described above to the substrate by methods known in the art, 
such as bar, knife, reverse roll, knurled roll, or spin coatings, or by spraying or brushing, with or without a coating 
solvent, and 

(c) irradiating the resultant article to cause polymerization of the coating utilizing a technique called the "multiple 
photoinitiation process," wherein the mixture is sequentially or simultaneously irradiated with light sources which 
provide electromagnetic radiation which stimulates photochemical ly reactive species to initiate both the poly- 
urethane and free-radical photopolymerizations. 

It is not preferred, but it may be desirable in certain applications to add solvent to solubilize components and aid in 
processing. Solvent, preferably an organic solvent, in an amount up to 99 weight percent, but preferable in the range 
of 0 to 90 weight percent, most preferably of 0, of the polymerizable composition can be used. 

The process for polymerization of the composition may be completed in one step, or may be divided into several 
steps, where such is preferable. 

Where divided, the steps are preferably arranged in the following order. The first step is to mix the free-radically 
photopofymerizable monomer(s) with an effective amount of a free-radical initiator. Any bireactive monomers desired 
should be added in the fourth step, described, infra. Preferably, this free-radical initiator does not also function as a 
crosslinking agent. 

The second step is to irradiate the composition, and allow it to polymerize so that the viscosity is increased. This 
will provide a partially polymerized syrup typically having a Brookfield™ viscosity of 300 to 20,000 centipoise at room 
temperature, preferably, from 500 to 2000 centipoise. The increased viscosity provides a syrup that is a more suitable 
coating composition for the production of pressure-sensitive adhesives. If a photoinitiator is used for this process, the 
partial polymerization may be stopped at any point simply by turning off the irradiation source. Alternatively, the syrup 
can be prepared by conventional thermal polymerization techniques and then quenched with air to attain the desired 
viscosity. Alternatively, the organometallic photoinitiator may be mixed with an alkyl acrylate monomer and then partially 
polymerized to form a syrup. The syrup can also be mixed with a viscosity adjusting agent, such as a hydrophilic silica 
to obtain a suitable viscosity for coating. 

The third step is to mix the isocyanate reactive component into the syrup created in steps two and three. 

The fourth step is to mix syrup with isocyanate component. 

!n one embodiment of the invention, the pressure-sensitive adhesive is a cellular pressure-sensitive adhesive, 
containing at least 1 5% voids made by the method of U.S. Patent No. 4,41 5,61 5 (Esmay et al.). In such a method, the 
adhesive is frothed with a surfactant prior to coating, or simultaneously with polymerization. 

The organometallic photoinitiator solution and an additional amount of free-radical initiator may be added at any 
time after the step two irradiation. The photoinitiators may be mixed with any component. The finished modified syrup 
may be coated onto a backing and exposed to energy to complete the polymerization. Suitable backings for the ad- 
hesives include paper, plastic films, vinyl (e.g. polyethylene and polypropylene, polyethylene terephthalate) metals, 
cloth and cellulose acetate. The backings may be release coated with, e.g., silicone or fluorochemical coatings. The 
composition may be either permanently or releasably bonded to the backing. 

Alternatively, the composition may be made by mixing all monomers except the isocyanate with an effective amount 
of a free-radical initiator, partially polymerizing to increase viscosity, then adding the organometallic complex salt and 
the isocyanate and following up by irradiation. 

Temperature of polymerization and amount of catalyst will vary depending on the particular photopolymerizable 
composition used and the desired application of the polymerized product. The amount of the total photoinitiator system 
to be used in this invention should be a catalytically-effective amount under the desired use conditions. As previously 
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stated, such amount generally will be in the range of about 0.01 to 20 weight percent, and preferably 0.02 to 5 weight 
percent, based on the weight of curable composition. • 

Solvents, preferably organic, can be used to assist in dissolution of the photoinitiator system in the free-radically 
polymerizable monomers and polyurethane precursors and as a processing aid. It may be advantageous to prepare 
a concentrated solution of the organometallic complex salt in a solvent to simplify the preparation of the photopolym- 
erizable composition. Representative solvents include propylene carbonate, acetone, methyl ethyl ketone, cyclopen- 
tanone, methyl cellosolve acetate, methylene chloride, nitromethane, methyl formate, acetonitrile, gamma-butyrolac- 
tone, and 1,2-dimethoxyethane (glyme). In some applications, it may be advantageous. to adsorb the photoinitiator 
onto an inert support such as silica, alumina, clays, etc., as described in U.S. Patent No. 4,677,137 (Bany). 

Compositions containing an organometallic complex salt of Formula I and a free-radical photoinitiator may be 
photopolymerized by exposure to any source of radiation, including and radiation sources emitting active radiation in 
the ultraviolet and visible region of the spectrum (e.g., about 200 to 800 nm). Suitable sources of radiation include 
mercury vapor discharge lamps, carbon arcs, tungsten lamps, xenon lamps, lasers and sunlight. The required amount 
of exposure to effect polymerization is dependent upon such factors as the identity and concentrations of the organo- 
metallic complex salt and free-radical photoinitiator, if any; the specific free-radically polymerizable monomers and the 
polyurethane precursors, thickness of the exposed material, intensity of the radiation source and amount of heat as- 
sociated with the radiation. 

For the multiple photoinitiation process, light of various wavelengths is preferably employed. Although a single 
cationic organometallic salt may be used to initiate both polyurethane and free-radical photopolymerizations, it is pref- 
erable to initiate each reaction with a separate initiator. These photoinitiators frequently have absorption maxima which 
differ from one another. In such case, use of light having substantially different wavelengths will generally be required. 
This increased control over the order of polymerization provides a consonent increase in the ability to control the final 
properties of the composition. Such light can be provided in a number of ways. Different light sources of substantially 
different wavelengths can be used. The wavelengths of major intensity for each light source can be obtained from 
examination of the spectral output of each source. One light source could be used for different wavelength regions 
through use of filters or monochromators. Lasers or other monochromatic light sources are also useful. For example, 
a tungsten lamp, whose output is mainly in the visible region, could be used as one light source while a lamp whose 
output is concentrated around 360 nm, e.g. a black light, could be used as another source. 

Thermal polymerization using direct heating or infrared electromagnetic radiation, as it is known in the art, can be 
used to polymerize the free-radically polymerizable monomers and the polyurethane precursors according to the teach- 
ings of this invention. 

It is within the scope of this invention to use multiple wavelengths by irradiating the photopolymerizable composi- 
tions either sequentially or simultaneously. In the preferred method, photopolymerization is effected by sequential 
exposure to a radiation source emitting active radiation in the visible region of the spectrum, followed by exposure to 
a radiation source in the ultraviolet region of the spectrum. 

It is also preferred to heat before, during or after irradiation in the visible region. In addition, it may be desirable to 
subsequently thermally polymerize the activated precursor so obtained, the irradiation temperatures being below the 
temperature employed for subsequent heat postcuring. These activated precursors may normally be polymerized at 
temperatures which are substantially lower than those required for direct thermal polymerization, with an advantage 
in the range from 50° C to 110°C. This process also makes it possible to control polymerization in a particularly simple 
and advantageous manner. 

In the current state of the art, free-radical photopolymerization is carried out in an inert atmosphere. Any inert 
atmosphere such as nitrogen, carbon dioxide, helium or argon is suitable. A sufficiently inert atmosphere can be 
achieved by covering a layer of the photoactive mixture with a plastic film which is transparent to ultraviolet radiation 
and irradiating through that film in air. The composition should be kept in low light, or preferably total darkness, until 
ready for photopolymerization. 

Adhesive tapes comprising adhesive layers of the invention may further comprise additional layers of similar or 
different adhesives. Where multilayer tape constructions are desirable, a preferred method of construction is multilayer 
coating, as described in U.S. Pat. Nos. 4,818,610 (Zimmerman et al.), 4,894,259 (Kuller) and 4,895,738 (Zimmerman 
et al.) wherein a plurality of copolymerizable coatable compositions is prepared, each composition containing at least 
one photopolymerizable monomer. One of the coatable compositions is the novel pressure-sensitive adhesive of the 
invention. The coatable compositions are coated to provide a plurality of superimposed layers with contiguous layers 
defining an interface therebetween, with the novel pressure-sensitive adhesive of the invention being coated as a first 
or last layer. Migration of photopolymerizable monomers through the interface between contiguous layers is permitted, 
and the superimposed layers are then simultaneously irradiated. This provides polymeric chains comprised of copol- 
ymers of free-radical photopolymerizable monomers originating from contiguous layers extending through the interface 
therebetween, thereby producing a tape having layers which cannot be delaminated. 

Objects and advantages of this invention are further illustrated by the following examples, but they should not be 
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construed as limiting the invention; the scope of which is defined by the claims. 

All parts in the examples are listed as parts per weight unless otherwise noted. All flood lamps were 300 watt flood 
lights, available from General Electric Corp., (Cleveland, OH). 



Test Methods 



k ' e ^o^L? re eva,uat8d for tensl,e stren 9th and percent elongation at break according to ASTM standard test 

t,™" 9 L ,nStr0n ™ m0del 1122 - SpeCimenS were P re P ared usin 9 a type IV die. Sample thfckness 
was about 1 mm. The crosshead speed was 508mm/min. 



90° Peel 



Peel adhesion to stainless steel was measured using 90- peel tests. 12mm wide strips of adhesive were bonded 
to 0.2mm thick aluminum strips to provide rigidity and support. The adhesive was then applied to stainless steel for a 
period of 3 days and then tested using a Syntec™ testing device. 

The peel force was averaged over a distance of at least 1 00mm. 



Dynamic Shear 



hk«#f» Cm 8qUa '! f mP ° f f0am adheSiVe *** p,aced onto 2 54 cm b V 7 62 cm rainless steel strap and 
rubbed to assure good bond. The liner was removed and a second identical strap was superimposed onto the exposed 
adhesive. The two straps overlap by 2.54 cm. The entire test panel was then rolled with a 6.8 kg roller one in each 
direction to insure a good bond. The panel was then allowed to dwell for three days. The panel is then placed into an 
Instron™ tensile tester, and pulled apart at 1 .27 cm/minute. The force required to separate is reported in Newtons/dm. 

T-Peel 

T-Peei was measured as in ASTM test 'D-1 876-72" except that the test tapes were 1 .27m in width, and were tested 
after being adhered to aluminum foil backings for 2 hours. Only cohesive failures are reported. 

GLOSSARY 

FREE-RADICAL PHOTOINITIATORS 

F-1 Irgacure™ 651 (Ciba Geigy Corp., Ardsley, NY) 

ORGANOMETALLIC PHOTOINITIATORS 

0-1 (eta 6 -mesitylene)(eta 5 -cyclopentadienyl)iron(+1)hexafluorophosphate 
0-2 (eta 6 -xylenes)(eta 5 -cyclopentadienyl)iron(+l) hexafluorophosphate 

0-3 (eta6<umene)(eta 5 <yclopentadienyl)iron(+1 ) hexafluorophosphate (Irgacure™ 261 , Ciba Geigy Corp.) 

0-4 (eta 6 -Fluorene){eta 5 H;yclopentadienyl)iron(+1 ) hexafluorophosphate 

0-5 (eta 6 -mesrtylene)(eta 5 -cyclopentadienyl)iron(+1 ) hexafluoroantimonate 

MISCELLANEOUS CATALYSTS 

C-1 Dibutyrtin dilaurate 

C-2 Diphenyliodonium hexafluorophosphate 
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10 



15 







Eqiv. Weight 


D-1 


Desmophen™ 670-80 (Mobay Corp, Pittsburgh, PA) 


500 


D-2 


Carbowax™ 3350 (Union Carbide Corp, Danbury, CT) 


1675 


D-3 


Carbowax™ 20000 (Union Carbide Corp, Danbury, CT) 


10000 


D-4 


Hydroxyethytated bisphenol-A 


157.5 


D-5 


Hydroxyethylated bisphenol of fluorenone 


219 


D-6 


Terathane™ 2900 (Du Pont, Wilmington, DE) 


1450 


D-7 


Tone™ 210 (Union Carbide Corp, Danbury, CT) 


428 


D-8 


A 1 :1 by weight mixture of D-4 and D-7 


292.75 



ISOCYANATES 



20 



25 



30 



35 



40 



45 



50 



55 







Eqiv. Weight 


1-1 


Desmodur™ N100 (Mobay Corp., Pittsburgh, PA) 


191 


I-2 


IPDI, Isophorone diisocyanate 


114 


I-3 


A 1:1 by weight mixture of N100 and IPDI 


143 


I-4 


Desmodur™ W (Mobay Corp.) 


137.7 



FREE RADICAL MONOMERS 

IOA Isopctyl acrylate 

AA Acrylic acid 

NVP N -Vinyl pyrrol idone 

VDM Vinyldimethylazlactone 

M-1 A mixture 83 parts IOA and 2 parts of AA 

M-2 A mixture of 70 parts IOA and 1 5 parts of NVP 

M-3 A mixture of 80 parts IOA and 5 parts VDM 

M-4 A mixture of 65 parts IOA and 20 parts NVP 

M-5 A mixture of 75 parts IOA and 10 parts NVP 

MISCELLANEOUS 

MEK Methyl ethyl ketone 

HDDA 1 ,6-Hexanediol diacrylate 

Trimethylolethane monoacrylate 



TMEMA 
R972 



Aerosil™ R972 Fumed Silica (Available from DeGussa Corp.) 
C-15/250 Glass Microbubbles, (Available from 3M Co., St. Paul, MN) 



Viscosity : 



1 cps = 1 mPa.s 
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Examples 1 and 2 



the solution for at least five minutes Te ^^ 

The reaction was allowed to Z to 'Z^SSTJT^ £ * ^ m '° r *°* 45 secon< *- 

oentipoise. To this prepolym^s aSd 01^^ «W« to a viscosity of about 1500 
80-90-C. An addftionaM pa ofTf tSEJKEZSlTS ^ ^ °" 3 Water bath to about 

HDDA An amount of isocyanate \L^^T^To £!T^ T 0a * n,e I*"""* and 0.1 par, 
The jar was capped and shaken to achieve ? £ k 8 ?" Walent * iSOCyanat9 per ec ' uivalen, °' di °'- 

remove air bubo.es and Z EjjT °' * ,h6n dS9aSSed under vacuum *> 

divided into three zones. Zone one SSSd^S^^S t , ** ' ^ COater *» 

and two lamps were placed under the web T^llrL^I , ^ ^ P TW ° ***** Were sus P e ^ed over the web 
bed was placed in zone one lT2rTn^^ZJ^^ T ^ ** ^ * 1 8 m *« ^ hea,ed 
The effect of adding the heated bed was toTcre3^„ average surface temperature of the heated bed was 120>C. 

•woconsistedofauVJo^^^ 

Example 1 was postcured for 30mr u teTati^ 
I. The test for these examples are 2? c 7 , " 0t postcured Compositions are listed in Table 

pared wrth compa^ampT rf rTe ^JLSrtTJl! T** ,enS ' le ^ ~- 

separate post cure step. J 6 heated bed 1,1 zone 1 was to el ^ina,e the need for a 

Examples 3-4 

a. M w In ,. Exappte 3 wp 5 poa eimd to M ml^JSeSSfr P T"" "" sa ™ 



Example Number 


Free Radical Monomer(s) 


Diol 


Isocyanate (parts) 


Photo Initiator 


1 


M-4 


D-4 


I-3 (9.07) 


CM 


2 


M-4 


D-4 


I-3 (9.07) 


0-1 


3 


M-4 


D-8 


1-3(8.33) 


0-1 


4 


M-4 


D-8 


1-3 (8.33) 


0-1 



Example Number 

1 

2 
3 
4 



TABLE II 



Tensile Strength (MPa) 








900 


51.2 


3.80 


1160 


56.2 


3.81 


870 


58.4 


3.92 


1130 


59.2 



Examples 5 to 8 and Comparative Examples A B and C 
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the following procedure. 

Eighty-five parts free radical monomer were mixed with 15 parts diol. To this mixture was added 0.04 part of F-1 . 
The mixture was continuously stirred using a magnetic stirrer The mixture was then degassed by bubbling nitrogen 
gas through the solution for at least five minutes. The mixture was then prepolymerized by exposure to radiation from 
a blacklight lamp for about 45 seconds. The reaction was allowed to go to about 10% acrylate conversion, which 
corresponded to a viscosity of about 1500 centipoise. An additional 1 part of F-1 was added along with 0.03 part of : 
inorganic organometallic photocatalyst and 0.1 part HDDA. An amount of isocyanate was added to provide from 0.95 
to 1.05 equivalent of isocyanate per equivalent of diol. The jar was shaken to achieve thorough mixing. The mixture 
was then degassed under vacuum to remove air bubbles and dissolved oxygen. 

The mixture was coated using a knife edge coater. The mixture was coated between 15.25 cm polyester films, 
which were coated with a release liner. The coater was divided into three zones. Zone one consisted of four 300 watt 
flood lamps. Zone two consisted of a UV irradiation zone. Total UV exposure was 600 mJ/cm 2 as measured by an E. 
I.T. Rad Cure™ Radiometer. The third zone was an oven where the sample postcured at 1 00°C for at least 30 minutes. 

For comparison, several typical pressure-sensitive adhesives were made. First, a syrup was manufactured and 
coated as in example 5 except using no diol, isocyanate or photo organometallic. This was a typical pressure-sensitive 
adhesive based on IOA. This was comparative sample A. 

A syrup was manufactured and coated as in example 6 except using no diol, isocyanate or organometallic pho- 
toinitiator. This was a typical pressure-sensitive adhesive for an adhesive based on a copolymer of IOA and AA. This 
was comparative sample B. 

A syrup was manufactured and coated as in example 7 except using no diol, isocyanate or organometallic pho- 
toinitiator. This was a typical pressure sensitive adhesive based on a copolymer of IOA and NVR This was comparative 
sample C. 

Compositions are listed in Table III. Results in Table II demonstrate the pressure sensitive adhesives prepared 
using the multiple photoinitiation process. Tensile strengths were superior to the values of the comparative examples. 
Elongations and peel strengths were comparable to the values of the comparative examples. 



TABLE lli 



COMPOSITION 


Example Number 


Free Radical Monomer(s) 


Diol 


Isocyanate (parts) 


Photo Initiator 


5 


IOA 


D-1 


I-3 (4.28) 


0-1 


6 


M-1 


D-1 


l,3 (4.28) 


0-1 


7 


M-2 


D-1 


I-3 (4.28) 


0-5 


8 


M-3 


D-1 


l-3 (4.28) 


0-1 


A 


IOA 








B 


M-1 








C 


M-2 









TABLE IV 



PROPERTIES ! 




Tensile Strength (Mpa) 


Break Elongation (%) 


Peel Force (N/dm) 


5 


0.560 


1180 


104 


6 


0.570 


610 


80.0 


7 


0.652 


830 


113.6 


A 


0.239 


1020 


104.8 


B 


0.280 


970 


89.6 


C 


0.615 


1060 


128.8 



Example 9 

This example demonstrates the effect of adding diols to acrylate prepolymers syrup to produce pressure-sensitive 
adhesives. Coatable compositions was prepared using the following procedure. 

Prepolymerization was carried out by mixing 85 parts free radical monomer(s) with 0.04 part of F-1. The mixture 
was continuously stirred using a magnetic stirrer. The mixture was then degassed by bubbling nitrogen gas through 



17 



EP 0 476 822 B1 



the solution for at least five minutes. The mixture was then exposed to radiation from a btacklight lamp for about 45 
seconds. The reaction was allowed to go to about 10% acrylate conversion, which corresponded to a viscosity of about 
1500 centipoise. An additional 1 part of.F-1 is added along with 0.03 part of inorganic organometallc photocatalyst 
0.1 part HDDA and 15 parts diol. An amount of isocyanate was added to provide from 0.95 to 1.05 equivalent of 
isocyanate per equivalent of diol. The jar was capped and shaken to achieve thorough mixing. The mixture was then 
degassed under vacuum in a desiccator to remove air bubbles and dissolved oxygen. 
The mixture was coated as described in Example 1 using a knife edge coater. 

The composition is shown in Table V. The results in Table VI show that the pressure-sensitive adhesives prepared 
using the above method have superior tensile strengths and elongations when compared with Comparative example 
c. Peel strength to stainless steel is comparable to that of Comparative example C. 

Examples 10 to 20 

These examples demonstrate the effect of preheating the final prepolymer mixture before the coating step The 
procedure for these examples was the same as that for example 9 except that the final prepolymer mixture was heated 
in a water bath to about 90"C just prior to coating. The processing conditions were also the same except that the knife 
coater was heated with infrared lamps for 30 minutes prior to coating. A series of coatable compositions were prepared 
and evaluated. 

Compositions are shown in Table V. The results in Table VI show that preheating the syrup and the knife coater 
produced pressure-sensitive adhesives which exhibited superior tensile strength. Elongations and peel strengths were 
comparable to that of the comparative examples in all examples. 



TABLE V 





COMPOSITION 


Example Number 


Free Radical Monomer(s) 


Diol 


Isocyanate (parts) 


Photo Cat 


9 


M-2 


D-1 


1-3(4.28) 


0-5 


10 


M-2 


D-1 


1-3(4.28) 


0-5 


11 


IOA 


D-2 


1-1(1.47) 


CM 


12 


IOA 


D-2 


1-2(0.77) 


0-1 


13 


IOA 


D-3 


1-3(1.12) 


CM 


14 


IOA 


D-3 


1-3(0.21) 


0-1 


15 


IOA 


D-3 


1-3(0.21) 


0-2 


16 


IOA 


D-3 


1-3(0.21) 


0-3 


17 


IOA 


D-3 


1-3(0.21) 


0-4 


18 


M-1 


D-4 


1-3(13.6) 


0-1 


19 


M-1 


D-5 


1-3(13.0) 


CM 


20 


M-5 


D-1 


1-3(4.28) 


0-2 



TABLE VI 





PROPERTIES 


Example Number 


Tensile Strength (Mpa) 


Break Elongation (%) 


Peel Force (N/dm) 


9 


0.612 


1800 


148 


10 


1.08 


1200 


127 


11 


0.701 


880 


84.0 


12 


0.553 


1210 


106 


13 


0.531 


920 


83.2 


14 


1.341 


780 


97.6 


15 


^0.913 


860 




16 


1.153 


960 


75.2 


17 


1.044 


960 


77.6 


18 


3.94 


810 




19 


2.21 


500 
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TABLE VI (continued) 



5 



PROPERTIES 


Example Number 


Tensile Strength (Mpa) 


Break Elongation (%) 


Peel Force (N/dm) 


20 


1.13 


900 





Examples 21 to 26 

These examples demonstrate the effect of varying the ratio of acrylate to urethane precursors on the properties 
of urethane-acrylates. A series of coatable compositions were prepared using diol D-3, isocyanate I-3, photocatalyst 
C-1 and free radical M-1. The procedure was the same as in examples 10 to 20 except that the relative amounts of 
acrylate, diol and isocyanate were changed. The composition and tensile and elongation properties are detailed in 
Table VII. 

As mentioned supra, not all ratios of specific polyurethanes and acrylates, are useful as pressure-sensitive adhe- 
sives. Only those examples with percent elongation greater than or equal to 300% are considered formulations suitable 
for pressure-sensitive adhesives, however polymers with unique properties were obtained for all compositions. 



TABLE VII 



25 



Example Number 


M-1 (parts) 


D-3 (parts) 


I -3 (parts) 


Tensile Strength 


Elongation (%) 


21 


95 


5 


0.26 


0.568 


1370 


22 


90 


10 


0.51 


0.834 


1990 


23 


80 


20 


1^03 


1.00 


1300 


24 


70 


30 


1.53 


2.33 


320 


25 


50 


50 


2.56 


3.88 


121 


26 


20 


80 


2.05 


10.85 


117 



Example 27 

30 

This example demonstrates the effect of eliminating the flood lamps in coater zone 1 . The procedure and processing 
conditions were the same as that in examples 10 to 20 except that the flood lamps in zone 1 were turned off. The 
coated syrup received ultraviolet irradiation followed by heating for at least 30 minutes at 100°C. The composition of 
example 26 is shown in Table VIII. 
35 As the tensile strength and percent elongation data in Table IX show, even with eliminating the lamps in zone 1, 

a pressure-sensitive adhesive with properties comparable to those of Comparative example A was produced. 

Example 28 

40 This example demonstrates the effect of varying the light irradiation sequence on the properties of the cured pres- 

sure sensitive adhesive. The procedure used to prepare the coatable syrup was the same as that in examples 10 to 
20, except that the coated syrup was passed through irradiation zone 2 first, passed through irradiation zone 1 second 
and then postcured. The syrup formulation is shown in Table VIII. 

Tensile strength, percent elongation, and peel strength data in Table IX show, that regardless of the sequence of 

4$ irradiation, a pressure sensitive adhesive with properties comparable to those of Comparative example A, may be 
produced. 

Comparative Example 29 

so This example demonstrate the effect of substituting a conventional thermal catalyst for the organometallic photo- 
catalyst. The procedure used to prepare the syrup and polymerize the pressure-sensitive adhesive was the same as 
that described in example 5 except that 1 .0 part of DBTDL, (C-1 ) was substituted for the organometallic photocatalyst, 
(0-2). 

Results of tensile and peel tests are shown in Table IX. The composition of comparative example 29 is the same 
55 as that in example 20. Example 20 show comparable tensile properties when compared with those of example 29. 
This result indicates that the organometallic photocatalyst is important in determining the final pressure-sensitive ad- 
hesive properties. 
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Examples 30 and 31 



is us* Ms Z ™f T? T Ure - Sensitive adhesives «" be P^^red when a bifunctional monomer 
HZOZ , syrup formubHon. A senes of coatable syrups were prepared and processed for coatings as 

svT ESSTSSS ' T *? VaftoUS am ° UntS °' ™ EMA Were added to *• acrylate mixture prSr to 
0 M oSTSS? ^ fmUlated me am ° Unt ° f '- 3 W3S cha "9 ed as h Table VIII. In example 30. 

0.06 part of TMEMA was incorporated mto the syrup. In example 31. 0.07 part TMEMA was incorporated into the syrup. 

TABLE VIII 





Composition 


Example Number 


Free Radical Monomer(s) 


Did 


Isocyanate(parts) 


Photo Cat 


27 
28 


IOA 


D-2 


1-3(1.47) 


0-2 


IOA 


D-2 


1-3(1.47) 


0-2 


29 (Comp) 


M-5 


D-1 


1-3(4.28) 


C-1 


30 
31 


M-2 


D-7 


1-4(9.25) 


0-2 


M-2 


D-7 


1-4(9.91) 


0-2 



TABLE IX 



PROPERTIES 


Example Number 


Tensile Strength (MPa) 


Break Elongation (%) 


27 


0.41 


780 


28 


0.42 


540 


29 (Comp) 


0.98 


730 


30 


0.46 


1380 


31 


0.98 


620 



Examples 32 and 33 and Comparative Example D 

eftl . fH^ e et 6X T PleS T^ em0nS r e ' hat acr y ,ate/urethane formulations can be frothed with nitrogen gas into a closed 
TuT ?; CC f ,ab ' e miXtUre W9S Prepar9d USin9 ^ same P f0Ceedure as in sample 9. except SS 85 
ooolpri tn^ r y e Pfepolymer was mixed with 1 5 parts of D-5. This mixture was heated to dissolve the diol and ttien 
cooled to .room temperature. To this mixture was added 0. 1 part of F-1 , 0.05 part of 0-2 and 1 2.33 parts of 1-3 

fr^ttwT T Pfepared 3nd COa,6d 33 deSCribed in U S - Patent No - 4 - 415 .615 (Essay et al.). Example 32 was 
frothed at room temperature and example 33 was heated and frothed at 60°C. The samples were post cured fofat 
least 30 m.nutes at 1O0'C and at least 30 minutes at 140'C. Laminated to each side of the froTh wal «?3S2 
according to U.S. Pat. No. RE 24.906 (U.rich). Comparative example D was an acrv.fc sing.e-.ayer^ape made 
according to Esmay et. al. having 90 parts IOA. 10 parts AA, 12 parts Aerosil™ 972. and 0 1 part HDDA 

The results in Table X and Table XI show that froths with improved tensile strength and reduced density can be 
obtained compared with those of comparative example D. ' y ^ be 

Examples 34 and 35 and Comparative Examples E and F 

bLhhSS 6 ,, 34 UT ^ 3 C0 , n, ° rmable foam can be P^ared from acrylate and urethanes using glass 

and shear properties over a conventional adhesive. 

of l^lT^r ^ Pfe ? ar ! d U ! in9 th9 83,116 pr0CedUre as described in exam P ,e 10 - e ^pt that 85 parts 
1?t t p £ polymer ^ mKed ^th 15 parts of D-4. This mixture was then heated with stirring to dissoto the 
draf To the hot mixture was added 3 parts of Aerosil™ R97 2 fumed silica and 6 parts of C-1 5/250 glass bubbles This 

s,l.ca. An addrtional 0.1 part of F-1 was added along with 0.03 part of 0-2, 0.1 part of HDDA and 12 5 parts of 1-2 The 
|ar was capped and thoroughly mbced. The mbcture was then degassed under vacuum in a desiccatoTto removed 
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bubbles and dissolved oxygen. 

Example 35 contained 85 parts M-4 prepolymer, 15 parts AA, 15 parts D-5, 12.33 parts I-3, 0.1 part F-1, and 0.05 
part of 0-2. The example was prepared, coated, cured, postcured and laminated as described in Examples 32 and 33. 

Comparative example E was made according to U.S. Patent No. 4,223,067 (Levens) containing 87.5 parts IOA, 
5 1 2.5 parts AA, 8 parts glass microbubbles, 4 parts fumed silica, and 0.05 part HDDA. The sample was then knife coated 
and, to each side was laminated an adhesive disclosd in U.S. RE 24,906. 

Comparative Example F contains 90 parts IOA, 10 parts AA, 0.1 part HDDA, and 0.15 part F-1 . 

The results in Table X and Table XI show that improved properties can be obtained. These results show greater 
tensile strengths and shear values than those of comparative examples D, E and F. 
10 static shear testing was conducted as described in U.S. Pat. No. 4,330,590, (Vesley). Examples 32 and 33 held 

1500 g at 70°C for over 10,000 minutes. Comparative example D failed at 7785 minutes. Example 35 held 2,000 g at 
70°C for 1394 minutes; Comparative example F failed in 144 minutes. Likewise, at 158°C, example 35 held for over 
10,000 minutes, comparative example F failed in 2,000 minutes. 

is TABLE X 



Example Number 


Density (g/cm3) 


Tensile Strength(MPa) 


Elongation (%) 


32 


075 


2.07 


800 


33 




2.07 


800 


34 




2.21 


500 


35 




5.09 


1500 


D 


0.80 


0.63 


825 


E 




1.21 


775 


F 


0.99 


3.65 


1153 



TABLE XI 



30 



35 



Example Number 


Dynamic Shear(N/mm) 


T-Peel (N/mm2) 


Peel (N) 


32 


0,624 


265 


206 


33 






248 


34 


0.600 


157 


167 


35 


0.600 


272 


296 


D 


0.620 


244 


296 


E 


0.620 


401 


491 


F 


0.3790 


401 


349 



40 Claims 

1 . A photopolymerizable composition capable of being photopolymerized to a pressure-sensitive adhesive state com- 
prising at least one free-radically photopolymerizable monomer, at least one set of polyurethane precursors, at 
least one organometallic complex salt initiator, characterized in that said composition also comprises at least one 

4S free-radical initiator, provided that said composition is substantially free of an onium salt. 

2. A photopolymerizable composition according to claim 1 comprising: 

a) at least one acrylic or methacrylic monomer, 
so b) at least one isocyanate selected from diisocyanates and polyisocyanates, and at least one isocyanate- 

reactive compound, 

c) at least one salt of an organometallic complex cation, and 

d) at least one additional free-radical initiator. 

55 3. A photopolymerizable composition according to any preceding claim wherein the organometallic complex salt has 
the following structure: 
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[((LV)M) b (L 3 )(l_V X, 

wherein M represents a metal atom selected from the elements of Periodic Groups IVB, VB, V1B, VIIB and 
VIII; said organometallic salt having a mono- or bimetallic cation; 

L 1 represents from zero to 3 ligands contributing pi-electrons that can be the same or different ligands selected 
from the group consisting of substituted and unsubstituted acyclic and cyclic unsaturated compounds and 
groups, substituted and unsubstituted carbocyclic aromatic and heterocyclic aromatic compounds, each ca- 
pable of contributing two to twelve pi-electrons to the valence shell of M; 

L 2 represents from zero to 3 ligands contributing an even number of sigma-electrons that can be the same or 
different ligands selected from the group consisting of mono-, di-, and tri- dentate ligands, each donating 2 
4, or 6 sigma-electrons to the valence shell of M; 

L 3 represents from zero to 2 bridging ligands contributing pi-electrons that can be the same or different ligands 
selected from the group consisting of substituted and unsubstituted acyclic and cyclic unsaturated compounds 
and groups and substituted and unsubstituted carbocyclic aromatic and heterocyclic aromatic compounds, 
each capable of acting as a bridging ligand contributing 4 to 24 pi-electrons to the valence shells of two metai 
atoms M, simultaneously; 

L 4 represents from zero to 3 bridging ligands contributing an even number of sigma-electrons that can be the 
same or different selected from the group consisting of mono-, di-, and tri- dentate ligands, each donating 2 
4 or 6 sigma-electrons to the valence shells of two metal atoms M, simultaneously; the total electronic charge 
contributed to M by the ligands U, L 2 , L 3 , and L 4 plus the product of the ionic charge on M with b results in a 
residual positive charge of e to the cation; 

b is an integer having a value of 1 or 2; 

e is an integer having a value of 1 or 2, the residual electrical charge of the cation; 

X is an anion selected from organic sulfonate anions and halogen -containing complex anions of a metal 

or metalloid; and 

f is an integer selected from 1 or 2, said number being chosen such that the number of anions required 
will neutralize the positive charge e on the cation. 

A photopolymerizable composition according to any one of preceding claims 1 -2 wherein the organometallic com- 
plex salt has the structure: 

t(L 5 )(L 6 )M] +e X, 

wherein 

M represents a metal atom selected from the group consisting of elements of the Period Groups IVB VB VIB 
VIIB, and VIII; 

L5 represents from zero to three ligands that can be the same or different, contributing pi-electrons selected 
from the group consisting of from zero to 3 ligands contributing pi-electrons that can be the same or different 
ligands selected from the group consisting of substituted and unsubstituted acyclic and cyclic unsaturated 
compounds and groups, substituted and unsubstituted carbocyclic aromatic and heterocyclic aromatic com- 
pounds, each capable of contributing two to twelve pi-electrons to the valence shell of M; 
L 6 represents from zero to 6 ligands that can be the same or different, contributing an even number of sigma- 
electrons selected from the group consisting of from zero to 3 ligands contributing an even number of sigma- 
electrons that can be the same or different selected from the group consisting of mono-, di-, and tri- dentate 
ligands, each donating 2, 4, or 6 sigma-electrons to the valence shell of M; the total electronic charge contrib- 
uted to M by L s and L 6 plus the ionic charge on M results in a residual net positive charge of e to the complex; 
e is an integer having a value of 1 or 2, the residual electrical charge of the cation; X is an anion selected from 
organic sulfonate anions and halogen -containing complex anions of a metal or metalloid; and f is an integer 
selected from 1 or 2, the number of anions required to neutralize the positive charge e on the cation. 

A photopolymerizable composition according to any preceding claim, wherein said free-radical initiator is selected 
from the group consisting of substituted acetophenones, benzoin ethers, benzyl ketals, substituted cc-amino ke- 
tones, glyoxyl esters, and chromophore-substituted trihalomethyl-s-triazines. 
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6. A photopolymerizable composition according to any preceding claim, wherein the free-radically polymerizable 
monomer is selected from the group consisting of alkyl acrylates and alkyl methacrylates, and the polyurethane 
precursors are selected from the group consisting of 

a) a hexamethylene diisocyanate, the cyanurate of said diisocyanate and the biuret of said diisocyanate, and 

b) an isocyanate-reactive compound containing at least 2 hydroxyl groups. 

7. A pressure-sensitive adhesive resulting from the free radical photopolymerization of the composition of any one 
of preceding claims 1-6. 

8. A process for photopolymerizing a composition comprising the steps of: 

a) providing a photopolymerizable composition according to any one of preceding claims 1-6. 

b) exposing said composition to a sufficient amount of electromagnetic radiation to photopolymerize said com- 
position to a pressure-sensitive adhesive state. 

9. A multiple photoinitiation process for photopolymerization comprising the steps of: 

a) providing a photopolymerizable composition according to any one of preceding claims 1 -6 capable of being 
photopolymerized to a pressure-sensitive adhesive state comprising, at least one set of polyurethane precur- 
sors, at least one free-radically photopolymerizable monomer, at least one organometallic complex salt initiator, 
and at least one free-radical photoinitiator, and 

b) exposing said composition to electromagnetic radiation such that both said organometallic complex cation 
and said free-radical photoinitiator photochemical ly initiate polymerization of said set of polyurethane precur- 
sors and said free-radically photopolymerizable monomer. 

10. A pressure-sensitive adhesive made by the process of any one of preceding claims 8-9. 
Patentansp ruche 

1 . Photopolymerisierbare Zusammensetzung, die in den Zustand eines Haftklebers photopolymerisiert werden kann, 
umfassend mindestens ein radikalisch photopolymerisierbares Monomer, mindestens einen Satz von Polyurethan- 
vorlaufern, mindestens einen Initiator in Form eines metallorganischen Komplexsalzes, dadurch gekennzeichnet, 
daB die Zusammensetzung auch mindestens einen radikalischen Initiator umfaGt, vorausgesetzt, die Zusammen- 
setzung ist im wesentlichen frei von einem Oniumsalz. 

2. Photopolymerisierbare Zusammensetzung nach Anspruch 1, umfassend: 

a) mindestens ein Acryl- Oder Methacrylmonomer, 

b) mindestens ein Isocyanat, das ausgewahlt ist aus Diisocyanaten und Polyisocyanaten, und mindestens 
eine reaktionsfahige Isocyanatverbindung, 

c) mindestens ein Salz eines metallorganischen Komplexkations, und 

d) mindestens einen zusatzlichen radikalischen Initiator. 

3. Photopolymerisierbare Zusammensetzung nach einem der vorhergehenden Anspruche, bei der das metallorga- 
nische Komplexsalz die fofgende Struktur besitzt: 

[((L 1 )(L 2 )M) b (L 3 )(L 4 )] +e X f 

wobei M ein Metallatom darstellt, das ausgewahlt ist aus den Elementen der Gruppen IVB, VB, VIB, VIIB und 
VIII des Periodensystems der Elemente; wobei das metallorganische Salz ein Mono- oder Bimetallkation auf- 
weist; 

L 1 0 bis 3 Liganden darstellt, die Pi-Elektronen liefern, und bei denen es sich urn die gleichen oder verschiedene 
Liganden handeln kann, die ausgewahlt sind aus der Gruppe umfassend substituierte und nichtsubstituierte 
acyclische und cyclische ungesattigte Verbindungen und Gruppen, substituierte und nichtsubstituierte carbo- 
cyclische aromatische und heterocyclische aromatische Verbindungen, die jeweils zwei bis zwdtf Pi-Elektro- 
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nen an die Valenzschale von M abgeben konnen; 

L 2 0 bis 3 Ugandan darstellt, die eine gerade Anzahl von Sigma-Elektronen liefem. und bei denen es sich urn 
die gleichen Oder verschiedene Liganden handeln kann. die ausgewahlt sindaus der Gruppe umfassend eh- 
zwei- und dreizahnige Liganden, die jeweils 2. 4 oder 6 Sigma-Elektronen an die Valenzschale von M abgeben' 
L' 0 bis 2 Bruckenliganden darstellt, die Pi-Elektronen liefem, und bei denen es sich urn die gleichen oder 
verschiedene Liganden handeln kann. die ausgewahlt sind aus der Gruppe umfassend substituierte und nicht- 
substituierte acyclische und cyclische ungesattigte Verbindungen und Gruppen und substituierte und nicht- 
substituierte carbocyclische aromatische und heterocyclische aromatische Verbindungen, die jeweils ate Briik- 
kenligand dienen konnen, der gleichzeitig 4 bis 24 Pi-Elektronen an die Valenzschalen von zwei Metallatomen 
M liefem kann; 

L< 0 bis 3 Bruckenliganden darstellt. die eine gerade Anzahl von Sigma-Elektronen liefem, und bei denen es 
sich urn die gleichen oder verschiedene Liganden handeln kann, die ausgewahlt sind aus der Gruppe umfas- 
send em-, zwei- und dreizahnige Liganden, die jeweils gleichzeitig 2, 4 oder 6 Sigma-Elektronen an die Va- 
lenzschalen von zwei Metallatomen M abgeben; wobei die Summe der von den Liganden L 1 L 2 L 3 und L 4 
an M abgegebenen Elektronenladung plus dem Produkt der lonenladung auf M mit b zu einer restlichen po- 
sitiven Ladung von e an dem Kation fflhrt; 



wobei 



b eine ganze Zahl mit einem Wert von 1 oder 2 ist 

e eine ganze Zahl mit einem Wert von 1 oder 2 ist. der restlichen elektrischen Ladung des Kations 

X e.n Anion ist, das ausgewahlt ist ausorganischen Sulfonatanionen undhatogenhaltigen Komplexanionen eines 

Metalls oder Nichtmetalls; und 
f eine ganze Zahl ist. die ausgewahlt ist aus 1 Oder 2, wobei die Zahl so gewahrt ist, dafJ die Anzahl der erfor- 

derlichen Anionen die positive Ladung e auf dem Kation neutralisieren wild. 

Photopolymerisierbare Zusammensetzung nach einem der vorhergehenden AnsprOche 1 bis 2, bei der das me- 
tallorganische Komplexsalz die folgende Struktur besitzt 



wobei 



M ein Metallatom darstellt, das ausgewahlt ist aus der Gruppe umfassend Elemente der Gruppen IVB VB 
VIB, VIIB und VIII des Periodensystems der Elemente; 

LS 0 bis 3 Liganden darstellt, die gleich oder verschieden sein konnen und Pi-Elektronen liefern und die aus- 
gewahlt sind aus der Gruppe umfassend 0 bis 3 Liganden, die Pi-Elektronen liefem, und bei denen es sich 
urn die gleichen oder verschiedene Liganden handeln kann, die ausgewahlt sind aus der Gruppe umfassend 
substituierte und nichtsubstituierte acyclische und cyclische ungesattigte Verbindungen und Gruppen substi- 
tuierte und nichtsubstituierte carbocyclische aromatische und heterocyclische aromatische Verbindunqen die 
jeweils zwei bis zwoff Pi-Elektronen an die Valenzschale von M abgeben konnen; ' 

L 6 0 bis 6 Liganden darstellt, die gleich oder verschieden sein konnen und eine gerade Anzahl von Sigma- 
Elektronen liefem, und die ausgewahlt sind aus der Gruppe umfassend 0 bis 3 Liganden, die eine gerade 
Anzahl von Sigma-Elektronen liefem, und bei denen es sich urn die gleichen Oder verschiedene Liganden 
handeln kann, die ausgewahft sind aus der Gruppe umfassend ein-, zwei- oder dreizahnige Liganden die 
jeweils 2, 4 oder 6 Sigma-Elektronen an die Valenzschale von M abgeben; wobei die Summe aus der von L« 
und L6 an M abgegebenen Elektronenladung plus der lonenladung auf M zu einer restlichen positiven Netto- 
ladung von e an dem Komplex fOhrt; e eine ganze Zahl mit einem Wert von 1 oder 2 ist. der restlichen elek- 
trischen Ladung auf dem Kation; X ein Anion ist, das ausgewahlt ist aus organischen Sulfonatanionen und 
halogenhaltigen Komplexanionen eines Metalls oder Nichtmetalls; und f eine ganze Zahl ist die ausgewahlt 
ist aus 1 oder 2, der Zahl der Anionen, die erforderlich sind, urn die positive Ladung e auf dem Kation zu 
neutralisieren. 

Photopolymerisierbare Zusammensetzung nach einem der vorhergehenden AnsprOche, bei der der radikalische 
Inrtiator ausgewahlt ist aus der Gruppe umfassend substituierte Acetophenone, Benzoinether, Benzylketale, sub- 
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stituierte a-Aminoketbne, Glyoxylester und durch einen Chromdphor substituierte Trihalomethyt-s-triazine. 

6. Photopolymerisierbare. Zusammensetzung nach einem der vorhergehenden Anspruche, bei der das radikalisch 
polymerisierbare Monomer ausgewahlt ist aus der Gruppe umfassend Alkylacrylate und Alkylmethacrylate, und 
die Polyurethanvorlaufer ausgewahlt sind aus der Gruppe umfassend: 

a) ein Hexamethylendiisocyanat, das Cyanurat von dem Diisocyanat und das Biuret von derri Diisocyanat, und 

b) eine mit Isocyanat reaktionsfahige Verbtndung, die mindestens 2 Hydroxylgruppen enthalt. 

7. Haftkleber, der entstanden ist aus der radikalischeh Photopolymerisation der Zusammensetzung nach einem der 
vorhergehenden Anspruche 1 bis 6. 

8. Verfahren zur Photopolymerisation einer Zusammensetzung, umfassend die folgenden Schritte: 

a) Bereitstellen einer photopolymerisierbaren Zusammensetzung nach einem der vorhergehenden Anspruche 
1 bis 6; 

b) die Zusammensetzung einer ausreichenden Menge elektromagnetischer Strahlung aussetzen, urn die Zu- 
sammensetzung in den Zustand eines Haftklebers zu photopolymerisieren. 

9. Mehrstufiges Photoinitiierungsverfahren zur Photopolymerisation, umfassend die folgenden Schritte: 

a) Bereitstellen einer photopolymerisierbaren Zusammensetzung nach einem der vorhergehenden Anspruche 
1 bis 6, die in den Zustand eines Haftklebers photopolymerisiert werden kann, umfassend mindestens einen 
Satz von Polyurethanvorlaufern, mindestens ein radikalisch photopolymerisierbares Monomer, mindestens 
einen Initiator in Form eines metallorganischen Komplexsalzes, und mindestens einen radikalischen Photo- 
initiator, und 

- b) die Zusammensetzung elektromagnetischer Strahlung aussetzen, so da3 sowohl das metallorganische 
Komplexkation als auch der radikalische Photoinitiator die Polymerisation des Satzes von Polyurethanvorlau- 
fem und des radikalisch photopolymerisierbaren Monomers photochemisch initiieren. 

10. Haftkleber, der hergestellt ist nach dem Verfahren von einem der vorhergehenden Anspruche 8 bis 9. 
Revendlcations 

1. Composition photopolymSrisable capable d'Stre photopolymSrisSe en un Stat d'adh£sif sensible a ia pression, 
comprenant au moins un monom&re a photopolymerisation radicalaire, au moins un ensemble de pr6curseurs de 
polyur&hane et au moins un sel complexe organom6tallique comme initiateur, caract6ris6e en ce que ladite com- 
position comprend aussi au moins un initiateur de radicaux libres, avec la condition que ladite composition soit 
essentiellement dSpourvue d'un sel du type onium. 

2. Composition photopolymSrisable selon la revendication 1, comprenant : 

a) au moins un monomers acrylique ou m6thacrylique, 

b) au moins un isocyanate choisi parmi les diisocyanates et les polyisocyanates, et au moins un compose 
apte a rdagir avec I'isocyanate, 

c) au moins un sel d'un cation complexe organom6tallique, et 

d) au moins un initiateur supplemental de radicaux libres. 

3. Composition photopolymdrisable selon i'une quelconque des revendications pr6c6dentes, dans laquelle le sel 
complexe organom&allique a la structure suivante : 

[((L 1 )(L 2 )M) b (L 3 )(L 4 )] +e X f 

ou M represente un atome d'un m6tal choisi parmi les elements IVB, VB, VIB, VIIB et VIII du tableau 
periodique ; ledit sel organom6tallique ayant uh cation mono- ou bim6tallique ; 

L 1 represente de z6ro a 3 ligands donnant des electrons n, qui peuvent dtre des ligands identiques ou diff 6rents 



25 



4. 



EP 0 476 822 B1 

choisis dans ('ensemble constrtue par les compose* et les groupes acycliques ou cycliques insatures subs- 
ides ou non substrtues. les composes aromatiques carbocycliques et les compos/s Soma S hStoS 

L« represerrte de zero a 3 ligands apportant un nombre pair d'electrons a, qui peuvent etre des liaands iden 
2, 4 ou 6 electrons o & la couch e de valence de M ; 

«. T 26 "? 2 'l 930 ^ POn,antS apP ° rtant d?S 6,ectrons ^ P euvent e,r « des ligands identiques 
ou dflerents chois.s dans rensemble constrtue par les composes et les groupes acycliques^ cvclfques ,n 
satures substrtues ou non substrtues, ainsi que lee composes aromatiques irbocycliques *Z compel 
aromanques heterocycliques, substrtues ou non substrtues. chacun d'eux etant ca^biTg r tZEE 
Sm ^ ' ^ 4 " 24 6leCtr ° nS * si ™ ltan6me "« «« ouches de Zee de ££ZTi 

I;i , , r H•H? S8 ? ,9 ? Z6r °f 3 ' i9andS P ° ntan,S ^P 0 ^ un nombre Pairrf^lectronso. qui peuvent etre identiques 
Z 6 eS, 5 f ns / ensemb * «*- par les ligands mono-, bi- et MtJ^ap^cSSn 
ou 6 electrons o simultanement aux couches de valence de deux atomes de metal M • 

J,r mTh K C !° niqU ? ,0ta ' e ^P 0 ' 166 * M Par les ,i9ands U • L * 13 et L4 P'"s le produft de la charge ionique 
surMetdebdonnentau cation une charge residuelle positive dee; 
b est un nombre entier ayant une valeur de 1 ou 2 • 

e est un nombre entier ayant une valeur de 1 ou 2,'qui est la charge electrique residuelle du cation ■ 
^SSST" ani0n8 SU " 0na,eS ° r9aniqUeS * ,SS h-ogXk, metai 

chal;: pSeVe?suMe 1 ^ qUi * * *" ' 6 ~*» "*« ^ alisera .a 

XTxe^ 

[(lVi^x, 



ou 



rl!i e l r H S a enl p ^ Z6 m * ,r ° iS li9andS qUi peUVent S,re Wentic ' ues ou diff6re ^- apportant des electrons n 
cho.s.s dans rensemble constrtue de zero a 3 ligands apportant des electrons «, qui peuvent etrodS tends 
.denuques ou drfferents choisis dans rensemble constitue par les composes e J gropes a^l^ou 
aromaff S '^hlst^f 8 ' s ^ bs ^ IJ ^ s °" substrtues, les composes aromatiques carbocyc^ia^e^et^e^conipos^s 

L6 represente de zero a 6 ligands qui peuvent etre identiques ou differents, apportant un nombre oair d'6lec 

r s ? n r b,e consmue de z6ro a 3 a pp° rtant 

e Stf h ' dent,qUeS ° U diff6ren,S Ch0isiS dans rensemble Par les ligands mo^ bi 

et tndentes, donnant chacun 2, 4 ou 6 electrons a a la couche de valence de M la charoe SZZaZZZSl 

SSTdir T t 5 et L6 r b char9e ionique sur M donnant au ^!^S^SKSS 

En y ! ' Un ?° mbre 6n,,er ayant Une Valeur de 1 ou 2 - 9 ui est la c harge electrique residuelle d! 
cat on , X est un an.on cho.si parmi les anions sulfonates organiques et les anions complexes halSenf rfun 

S " .^P^ i,ion P hot °P^a"sable selon Tune quelconque des revendfcations precedentes dans laquelle ledit ini 
benzoin. 2?" ^TT^ ^ * "^^mSA^S 

s^asEi Essr" substi,u6es ' ,es es,ers de 9 « e * * «~k 

6. Composition photopolymerisable selon I'une quelconque des revendications precedentes dans laquelle le mono 
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d'alkyle, et les precurseurs de polyurethane sont choisis dans I'ensemble constituS par: 

a) un hexamethylene-diisocyanate, le cyanurate dudit diisocyanate et le biuret dudit diisocyanate, et 

b) un compost apte a r6agir avec I'isocyanate et contenant au moins 2 groupes hydroxyles. 

5 

7. AdhSsif sensible a la pression resultant de la photopofymerisation radicalaire de la composition selon Tune quel- 
conque des revendications pr6c6dentes 1 a 6. 

8. Proc6de de photopolym6risation d'une composition, comprenant les Stapes consistant a : 

10 

a) fournir une composition photopolym6risable selon Tune quelconque des revendications prScedentes 1 a 6 ; 

b) exposer ladite composition a un rayonnement Slectromagnetique en quantite suffisante pour photopolymS- 
riser ladite composition en un Stat d'adhesif sensible a la pression. 

*5 9. ProcSdS de photo-induction multiple pour photopolymSrisation, comprenant les Stapes consistant a : 

a) foumir une composition photopolymSrisable selon Tune quelconque des revendications prScSdentes 1 a 6, 
capable d'dtre photopolymSrisee en un Stat d'adhSsif sensible a la pression, comprenant au moins un ensem- 
ble de prScurseurs de polyurSthane, au moins un monomere a photopoiymSrisation radicalaire, au moins un 

20 sel complexe organometallique comme initiateur et un moins un photo-initiateur de radicaux libres, et 

b) exposer ladite composition a un rayonnement SlectromagnStique de facon telle que ledit cation complexe 
organomStallique et ledit photo-initiateur de radicaux libres induisent photochimiquement la polymerisation 
dudit ensemble de prScurseurs de polyurSthane et dudit monomere a photopoiymSrisation radicalaire. 

25 10. AdhSsif sensible a la pression prepare" au moyen du procSdS selon Tune quelconque des revendications prScS- 
dentes 8-9. 
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